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to THE STUDENT 



This book ©as prapared for the' student who plans to enter the 
Machine Shop f±e.ld* The selected Jobs provide you with the knowledge 
and step-by-ate^^^ proceduref for the operation of milling machines* 
It is impartant for you to lay your work out quickly and accurately . 
in order to meet shop standards* 
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SAFETY 



Safety is vary important in tha Machine Shop, Saf^ety giasses, 
shoes, and clothing should be worn at all_ times. If safety, rule! 
are not carried out^ a worker could be' injured in a. second, 'This 
iist help^ ypu* ^become a safe worker, \ ' . fs* 

^ ^SAFETY PRECAUTIONS ' \^ - . ' . 

1, Switch the machine to pff when oiling it- \ 

2, Never lean^ against the machine*. , 

. 3* Don't allow anyone. to work or fool around the machine when 
you^ are oiling it* ^ , \ \ ^ \ 

' ' \ 

4, Wipe off oil which drips from the oil^cup after oiling* 

5* Never walk away from the-= machine while it is in motion. \ / 

. V ^ ^ ^ ■ \ 

6. Avoid pushing in the 'shop, ' ' 

^ ^ ■ ) 

7. Always brush chips away when the machine is off, » > \ 
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. : TO THE TEAbHER ^ , ' - 

' ' ■ StudtinCa need stap*-by--step iriscructions and diBcus.sion questions,, 
but .thay^. also need to' know how' they are progressing, , The sample, / " 
Progress Chart on the next two pages provides a record of thee jobs 
performed by each student. The teacher can provide a check mark for 
' completion, a. grade for Equality, or soms other symbol showing degree 
of progress for each job* ^ , . 

This teKC is organized so that each job has- an . objective, tools . 
neededj step-by--step instructions^ space for reference. This 
' organization allows each student the opportunity to study the steps 
and the progress quiz before starting work on a machine, 'Space has 
been left for the teacher to assign the references available in the 
local classroom; this text can be used with any number of ^Wferent^ 
' references. The entire organization is ^/isigried to help the teacher.^ 
work efficiently in teaching each Individual student. ^ " 




, ' . : ^ Horiiontal jyiillini; ^, Milling Macliinc Operatioris,i Vertical Milling ' 

StudentVName Perys'i A B C 2_ 5 4 5 6 ''V B.'A B C 10 if 12 ' 1 4 5 6 




HORIZONTAL MILLING MACHINE 
a I 2 



PRINCIPAL PARTS 
5 




FIG^jlO'l; Nomtneiature pf plain Nnee« 
(Cineihnali Milling Mashine Co.) 

1. Table " : ^ \ 

2. Arbor^loa ipindle nose^ 

3. Outer arbar support > 

4. Start-itDp lever 
, i. .Ovtrarm * 

Inner arbsr support 
IJ table trip plunger * 

BIdsklaih eliminator^knob 
i. Table trip dsgi 
10. Saddlft ^ ^ ^ 

1-1.tTable^fsed leyfr 

12, Crqis^fted lever 

13, Rapid traverse lever 

14, Qross-feed bandwheei 



21 20 19 18 

and-aolumn mitllng maaliine, front vlev^. 

1i. Venie^hfeed handerank 

16. Feed otiange crank 

17. Feed shange dial 
IS. lOite 

1i. Vertleal-feed lever 

Knee oif filter ^. - 

2i, Teieioopiq cutting^fluid riturn ^ 
2i. Sate . ' ' ^ ~ 

23. VerUeal trip dogs ^ 

24. Knee diamp 
.21. Colunfin 

26, Table trsverse'handwheel 

27. Speed eiiange dial and erank 
2§. Overarnn positioning srank 
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HORIZONTAL MILLING ^^CHINE 



USE OF SELECTED CUTTERS 



1, Face Milling Cutters ~ May be used on either horizontal or * . 
vGrtical machines, * - 

2* Peripheral Milling Cutters ~ Coramonly used for machining flat ^ 
surfaces s savings and grooving* - . \ 

3* Form Cutters Standard and available^^from stpck* Special 
forms can be made to suit any particular job^ required* 

4. Angle, Cutters -r- Used to cut teeth in ratchet wheels ^ for milling 
- dovetails, etc, The straight side is provided with teeth to 
■'give a better finish with this side when cutting grooves. 
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HORIZONTAL HILLING .MACHINE ^ ■ ' SETUPS 

f '■ ■ ' " .. ." 

_ , : . ■ ^ , , ^ \ ■ ": 

Several 'rfethods are used in holding ,the work, on the machine ^ , 
table. ^Beforit making any setups you must make sure the tfble 'is 
clean with hJcKips lying around.' The machinist must know the 
setup required to do certain jobs. ' ; ■ ' 

^Device! .Used in Milling Machine Setup - # 

■ \./^ \ ' - ' ^ ^' - . ^ • ' " •■" 

1* Swivel Vise ~ yise body that can' be swiveled to any required^ 
. ' ahgle, ^ ' ■ v; ^ . ^ 

2, Plairf^Vise Mounted on the table and is lower than the swivel 
type* ^ ^ ^ _ ^ ; 

3/ Toolmaker^s Universal Vise ~ Use particularly suited for 
. V to.olroom work, . . ^ . / ' 

4, Flanged Vise — Holds work. to= 7" wide and is the type used for 
^ . plain milling operations. Its low height and broad base give 
it the rigidity needed for .heavy; cuts. 
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HORIZONTAL MILLING MACHINE PROJECT 



JOB NO. iA/ IBv and IC 



PLAIN MILLING 



OBJECTIVEi W aMa'^to mill a piece of work sd. a^l sides are parallel 
to BSLch other, , - % 

STOCK: C. 1. (ca'st iron) ' ;" 

TOOLS: * Vise (plain) , scale, file, coarie tooth cutter 1/4" 
cuCter, 1" cutter, and double end cutter. 



STEPS: 
' -^1. 
2. 
* 3. 

1 ■ ■ 

5. . 
6. 

\ '7. ; 

8. 
9. 

PROGRESS 
1. 

2. 



Cut pi4ce 2-5/8" K 2-7/8". 

Place In vise and mill to size as in Drawing No. lA, 
Remove cutter and put l/4*--^cutter on arbor ^ "■ '\ 



Mill to size as in Drkwing No 



Renaove cutter and put .1**- cutter on arjbor. 
Mill to size as in ^Drawing No. IB. 
Remova cutter and pnt 1" cutter on arbor. 
Mill to size as in Drawing No* IC. 
Remove burrs s/and hava Instructor check 



QUIZ 



3. 

4- 



State the difference between a coarse cutter and a plain , 
cutter. ' / ' - ^ 

State the dif ference between a vertical; and horlzpntal ^, 
mililng machine. ^ ^ . & ' 

State the difference between a plain vise and a tqqlmakers 
Vise, ' - 

Why should a cutter be placed on a wooden board when not.; 



5, Why ^should a milling machine cutter be handled with a rag? 
6..' Wi^lte. a Job Og^ration Sheet for Job No, lA^- IB, and^lC. 
RMERENCESi ' - \ ^ V 
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CHiNE OPERATIONS 

HORIZONll. MILLIN& ' 

. JOB NO, I A ^ 
PLAirMILLINi 



59^ 
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MAOHINE';OPERATIONS 

HORIZONTAL MILLING 
, JOB NO.IB ' ; 
PLAIN MILLING 
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. MA'GHiNE^ OPERATION ? 

jiORIZONmLMILUNG') . 

■ JOBNO.IC ' ':, ■ 

>LAIN :MII,LIN0 ; , 




HORIZONTAL MILLING MACHINE PROJECT ' . . . . " JOB. NO. -2 



' ■ ' o ,■ , , SIDE MILLING .' ■- ' > •• 

'. ' ■, , ' (step'Miiiing) , , ■ , 

■ ■ \ - . • ■ '^.^s-, ■ ■ ■ ' ' .■ ■ ■ . ■ ■ ■ ,., 
OBJECTlVEi Bp^ able to use Ss^slde milling, cut tet, . . 

STOGKt C, I. (Cast-iron) ^ / \ ■ ' ' t , * 

TOOLSi Vise — iV' wide cutter. ^ ^ 
1" side cutter. ■ 
. 1" depth gage, file, 

— - ^ . - ^ ^- ' ; ' V ■ / ■ " " \ ■ ^■ / V ./ ■ 

• 1, Clamp iri vise. ' . . ^ ^ 

^ ^- ■ ■ ' ■ ^ ^ . / ^ . a 

2,.. Mill to 1,125 diraenaion in 3 cuts — 1st .cut .145 deep, 2nd 
- Vcut \ 145 deep * andv finish cut .022" deep, :^ . ^ 

*3, Remove cutter and replace it with 1" wide cutter, 

. 'i; ■ Reset worH In-^vlse so that the 4" dimensipn^runs parallel to 
' ' the milling arbor and the cutter mills across the 1^/16'' dim, 

5. Hiii 1st step, to 1" wide k * 250 deep to .875 dim, ;ln 3. cuts,^ v 

6; Hill 2nd step to 1" wide K ^250 detp to .625 dim; in 3 rough ' 
. cuts and 1 firiiph cut* ' "^^^ * ^ ' / y : . ^ h 

' " ^ ^ . " ■ ^ ^ ■ " ■■ ^ 

'7, Mill .3rd step to' 1" Vide k ^250'**<deep to, .375 dim. in 4 roughing 
cuts and .1 finish cut. Measure &teps with. depth micrometer . 

8. Remova work and file off burrs ^ Inspect, i ' ^ , \ ' ' 



r 

PROGRESS QUIZ 



1. 


Explalri.- the dlfferfence between i 


th& plain cutter and the ; 


side 




nuLlling cutter.- \ v 






2. 


Why was a depth mlcrotneteR^used 


instead of a scale? 




3^ 


In milling , the steps why were ; 


3 euts taken instead of 1 


^ cut? 


4. 


j- , . ^ J , . . 
What safety precaution was used 


In handling the cufcter?\ 






• ■ 11 -■ 



■ .5. What is the difference betwfi'en coriventional''and cllmfe mliing?' 

referIncess i \. ' -'^ ' . • , ■ '. 
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HORIZONTAL' MILLING MACHINE PROJECT 



JOB NO. 3 ' 



ANGLE MILLING 

OBJECTIVE: Be able to review angle milling". 
STOCK: Cast Iron or machine steel. . 

TdOLSi Vise* angle cutter (45°), file, and protractor. 
STEPS I ' 

, 1. Gilt off 3/4" K 1^' X 6-1/8" stock. 

2. Mill off ends to 6" dla. ' ^ , ' 

3.. Mill the 45° angle to dimension. 
. 4* Mill the V' to dimensions the full length of the piece. 

5* Remove' bur^s and inspect. . 



PROGRESS QUIZ: - . ^ 

^ 1. What was the purpose of using a double-angle cutter instead of 
a slngle=angle cutter? > 

2. What type of vise was used on this job? . " 

3. WHSt'type of milling was done ~ convention or climb? Give 
reasons for your answer.. , ' ^ 

4. What instrument was used to check the vise for atraiehtness? 
> 5, .Name 3 ways, of checking the vise for accuracy. . ^ = 

REFERENCES^ . ' ' - ^ ^ ' 
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HORIZONTAL MILLING MACHINE PROJECT .r , ' J9^ NO. 4 

: / / * * ^ .. 

^ ' . PLAIN AND angle' MILLING ^ 

• s ■ ._ ■ 

OBJECTIVEi ^Be able to mill angle using a plain cutler, 
STOCK* C.I. "(Cast iron) , ^ ^ 

TOOLSj Vise, scriber j bevel 'protractor^ 1/8" saw 3" dia,, 3/4" cutter 
4" dia//£ile, and 2" micrometer.. ^ • ' 

STEPS: . ^ . . ^ \ ' ' 

1, Lay out the V on three^^ sides 5/16" from end, 

2, Mill .V on 3 sides of the pieca. . ^ , , ^ 

3. 'Mill 1/8" slots on ^.aides of . the .piece, 

4. Mill slot to sise on' drawing. , • 
5* Remove all burrs; - ^ !■ 

6, Have JnstrMCtor inspect piece, . ■ , . ^ ' / 



PROGRESSjQUIzT^ '^^ 



L. 


. Expli 


a in why 


a plain cutter was used instfead of an angle cutter. 


2, 


What 


is the 


purpose of .stdel ink? ' ^. , . 


3. 


What 


do you 


mean by a 90^ cutter and a 60^. cutter?/ 


4;' 


How was the 


vise lined with -the maclilne? . , - 


5-... 


Why i 


ihould i 


I woodan board be available around the machine? 
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HORIZONTAL MILLING MACHINE project' ' JOB NO. 5 . 

■ KEYWAY MILLING . ■ 

OBJECTIV'Ei Be able co mill a standard keyway and a Woodruff keyway 
on a shaft, . 

STOCK: C.D*S. 

TOOLS: Vise (swivel) ^ 1/4" cutter, WDodruff cutter, depth micrometer 
and square file* 

STEPS I ' , 

1/ Vise must be straight, 

2* .Scribe 4 lines 90^ apart on face of shaft* ; , / 
3* Mill keyway (straight) 1/4" x 1/8" deep; 2" long, 
4v Remove cutter and arbor from machine, 
5, Insert Woodruff cutter in adapter.^ 
. 6. Turn shaft 180? to .mill WoQdruff keyway, 

7* .Mill keyway* . . " l . 

8* ^ File burr and have shaft inspected by instructor • 

PROGRESS QUIZ: \ ^ ^ ■ ^ 

1. When is a standard keyway used? '\ . 

2, U^en is a Woodruff keyway usedt i ^ 

3* i^y-do we acriba,4 lines on the face of the shjift? 
4* How is the center^ of the shaft located? 

5* State^ the accurate way of finding the center of the shaft* 
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"machine operations 
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JOB N0,5 
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KORIZONTAL MILLING MACHINE PROJECT , , JOB NO. 6 ^ / " 

STRADDLE MILLIN0 \ . . V ' ' ' 

OBJECTIVE: Be.-able to use two cutters at the same tinie. ■ 
STOCK: ^CR.S. - - 

TOOLS: ViBe (plain), 1-2" mldrometer, side inllling cutters^ 4'- 0,D. (2), 
depth micrometer* and file* ... 

STEPS: ^ \ . ^ . ^ r 2 . . 

^1,^ Cut piece on saw as per drawing.. . ^ ■ 
2* Mill piece to size with plain cutter, 

3» Remove cutter^ " 

4, Straddle mill 1"- slaa, . i ^ ^ . 

5* ^' Straddle mill 1/2'V size. ^ ^ - ' 

6 J Remove burr with file. 

7* Have job. checked by inscructor* 

PROGRESS QUIZ: \ . \ 

1. Why should the two cutters be the sante elEe (O.D.)? 

2, Why should side milling cutters be used? 

3, What' safety precautions should be taken when using two cutters - 
at the same time? . ■ / - 

4. ^ Why should the cutters rotate in the same direction? " / 

u'S. How should the machinist care for his tools when making milling' 
machine setups? 

REFERENCES : 
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HORIZONTAL MILL IKGJ'IACHINE PROJECT \\_ ^ JOB NO, 7 

GANG MILLING ' 

OBJECTIVEi Be able to use three or more cuccers at the same "Cine, 

STdCKi Ctl» ' , 

TOOLS: Viss;^ side milling cutters / plain milling cutter, depth 
micrometer, micrometer , ^and file, 

STEPS: ' • . . " ■ ' ' ^ ^ . . \ ■ ^ 

CUt piece as in drawing allowing for 1/4" oversize. 

' 2.^ Mill piece to si'^e as in drawing using plain milling cutter- 
s' Remote plain milling 'cutter from arbor," , . 
^4,\ Set side milling cutter on rarbor. to mill job-^as in drawing, 
5* Take first cut on scrap piece of metal, - v 
6.^'^emave scrap piece, ^an^ start milling on regular 
7* Da not attempt to mill job in one cut, ' , ^ 
8* Remove burrs* " " _ 
9* Remove work, and have instructor inspect job. ' ^ ' 

PROGRESS QUIZ i \] ^ ' - 

' 1, State the/ difference betweeji straddle and gang -'milling . 

2. Is gang milling the same as form milMTig? ' . : 

3t Do6s gahg milling require more setup time than straddle miiling?; 

4. To what degree of accuracy can the milling machine use be • 
" aligned? * ^ _ ^ , ^ . . 

5* Explain whats is meant. by the feeds an4 speeds. 

6, Explain <.the cutt^ing action of a milling machine cutter, 

REFERENCES : ' ^ . ' • / ^ 

■ ^ ^ . V , 40 ■ . ■ . 

' , . • ■ 

'■' ■ ' ' , ^ '^>\€' . ■ 

. ' - 23 - '' -f'' ■ ■ ■ , ■ ■ , ■ ' 



ir 



I 



I? 



mm -: . 



gi:^ i o -^^ . . JOB NO..- 8A and 8B 



":■ " ' ■. ■ ■■ r \ * - SAW MILLING " - , • ' y . / \. , ... 

: . ^= OBJECTIVEi Be able to' use a slitting; saw. with' the work being cl 
*; '^^ \ to the milling machine table, > ' - . ^ 

• TOOLSi Slitting sawj micrometer , strap'pihg clamps, bolts and nut ^^^^^ 

scalej iile, ^nd*plain milling ^cutter* ..^ 

■ ^ - STEPS! ' " ' .: . , - ■ ; ■ • ■ 

7 1- Cut piece on saw allowing 1/8" on length and width. - 

. 2,, Mill job to size as in drawing using plain milling cutter, ^ 
' . Strap job to table* / ' '. * . 

3, Remove cutter from arbor and place saw on arbor. 




1 ^ 



' 5* Saw "2nd piac^tjo same size Am above. y . 

6/ Remove piece from table.' - J . 

7, -File burrs o£f edges. . ^ ... 

8* Have Instructor inspect , Job* . - r 

PROGRESS QUIZ r ' \ . . . 

1, Why is climb milling important when using the slitting saw? 

■2. Why should the slitting saw be located over' the. T-slot of the 
. table? \ ; — 

^ 3. Does the slitting saw cprae with side chip clearance, and why 
or why not? ■ ' . ■ x _ . 

^ 4. Why. is the cutter thinner at the center than .at the edge? 

5* Is it proper to use the slittUng saw for cutting slots in the^ 
heads of screws? ^ • ^ . ^ . ^ 



REFERENCES ^ 
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CLAMP MILLING 
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V:pORI20NTAL MI];,LING MACEINE PROJECT... ■ . JQB NO. 9A 

; . .^PLAIN' MILLING ' . \ . ' 

' " OBJECxiVE* Be able to use plain indexing. ' ' " 

t STOeki C.R.S, 3" dia, x 2'' long. - , \ ' 

TOOLSi \ Elain milling cutter, index heads file, and micrometer, 

^ ^ STEPS: . ■ \ ^ ^ ' ■ ^ ' 

1, Set dividing head on table and footstpck* Handle carefully, 
■ ; \ \ Prevent injuriea. . > 

\ / 2\ Center drill both ends and check centers for alignment* 

\ 3, Seiec£ right size cutter /according to the work you are given 

to mill. / ^ . S ' " ^ * - - ^ ^ 

^ 4. Check^with instructor^, for information ^ and, select proper ■ 
..spaaing on Index Plate. ^ , 

5p Mill largest square on a 3" die. oJ stock. x 2" stock* " * 

, \ ..... ^? ■ . " ^ * . ^ ^ 

^ PRQGRESSrQUIZ* — - ^ ' . . 

1. oWhat is the largest size square from a- 3" round .stock? ' ' 

2. What was the^formula For- indexing a square? » 

3. How much stock was milled from each side? ■ . 

' ,1 " ;^ ■ \ ' ' ■ , ., 

4. ^Is it safe to use a dull cutter? ..Explain your answer*. \ 

5. Could this job be done in a vise? Explain your answer. 
V REFERENCES r ^ = ^ r\ . 
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ilORIZONTAL MILLING MCHINE P^^ ' JOB, Np.= 9B ' / 

\ v; . ' PLAIN ^ILLING ' ^/ . ^ ■ . . ' 

OBJECTIVEi Be able to use plain indexing. ^ ; " . ' . 

STOCK* C,R,S. " 3^ dia* x 27 long, " " ■ ^ ' . , - 

JOOLS Plain milling cutter, index head ^ filSj and micrometer. 

■ .^, ■■■■ > 

STEPSi ■ ' 0 ^ , ■ ' 

1. -Center drill both ends* . ■ - 
^2, Check centers for alignment,. , 

^ ^ 3, Use same cutter from Job 9A* ^ _ 

V 4, Check" with Instructor for information, and select proper spacing 

on Inifex Plate* ' ' ' . - ^ \ — ^ ^ ^ ''^ 

5* Mill lairgest hexagon on a piece of stock 3"" dia.*^ x 2"" long, a^d , 
remove burrs. ; , . ^ 

■ V ■.. . / ■ , - . . / " ■ " ^ ' ' ^ 

6* .Have job cKe eked by your instrubtyr. 

PROGRESS QOIZ! ^ ^ , ' - '^ ^ . 

l\ What= is the lar'gest hexagon ^rom a 3" round stock? 

2. What was the formula for indexing a hexagon? 

3. How much Btdck was milled from /each" side? ^ . 
A. What was the R.^.M* of the cutter? / 

5. Why was conventional milling used instead of climb .milling? 
REFERENCESj . . , ■ \ ' ' ' . - V"' ^ 
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HORIZONTAL MliLING MACHINE PROJECT 



JOB NO. 9C 



'. ■ . ■> ■ PLAIN MILLING 

OBJEdTlVEi ^ Be able to use plain indexing, . 
STOC^i C*R*SV; 3'' dia*..x 2'* long. ; . . - ^ , ; 

TOOLSi Plain, milling cutter, indeK heads fllej and micrometer. , 

1. Canter' drill both ends. ^ i' ^ ^ 

2. Check centers for alignment ^ q ^ 

3. Use same cutter f^om Job No, 9B. ^ ^ V = 

k\ Check with Instructor for information^ aridj select proper. 
. spacing oh Index plate. - \ ,^ .^"^ 

'5. .Mill largest octagon on a piece of stock; 3" dia. k 2" long, 
6, Remove! burrs,. = ^ ; 

4 . / " ^ \ ... - * ^ ■' . ^ . . 

7^ Have job checked .by your Instructor,. 

..'^ ^ # ■■ . ' - ■ ' _ 

PROGRESS QUIZ: ^ 7 V, - ^ ■ \ - 

;1, What is the largest, ottagon on a 3" dla. round stock? 
What was the formul^ for indexing ah' octagon? * . ^ ' 



2, 
3, 
4. 



How^ much stock was milled from each side? 

Was :et eel ink used to\lrfy out this job?^ - : ^ ^ ^ 

Find' the number ■ of turns of -the crank for indexing five divisions. 



REFERENCES \ 
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§1^;;;: ^ . ; \ ; ^ HaRIZONTM. MILLING MACHINE PROJECT ^ ' JOB ^ NOTn.0 



■6 " 



4 



' , r = ' ANGULAR INDEXING ^ • - . , 

OBJECXtVEi Be |ble to do angle index billing, 
" STOCK:' C,D,R, 3" x 3*'- long. 

^ : . - ' ■ - ^ -^'^ \ ■\- . , ■ 

* TOOLS: I/B" milling^ cutter , file, .icale, and protractor, 

STEPSi . ; \ ■ ; ^ ^ 

.1. Center drill .both- enSa "of the stoek, % ' ■ - 

2» Place dog on stock. ^. ' 

3/ Place between lndex| lead and fooi stock* 

4* Locate center of stock, : ^ - 

5, Mill fdrst groova and continue to mill the other 5 grooyes. 

6* Remove^burrf, . ' . . - ^ . • 

. 7. Remove, jobj and have job checked by Instructoi?, ■ v 

. . ^ = ' ■ ■ ' ' ' ■ j ° ^ ■ ' 

PROGRESS QUIZr . \ . . 

1. Detarmlne the indexing for the following equally spaced divisions^ 
' 9°,"l8^, 36°- 45°,.and 54°* ^ , . ^ ' ^ 

^ .2. How "Mijy, degrees kpre in a circle? ^ ^ ■ \ 

- 3* ^How many degrees does" one complete turn of the index 'crank' 

, . revolve the work? \ , , - r . ' ^ , 

4* ^ How many' mnutes are in. a degree? ' ^ ^ / : ^ 

5*/ How many degrees does one complete revolution of/ the spindle „ 

- • revolve^ the work? : ■ . ^ ^ ^ 

REFERENGESi ' ^ ^ . ' ' - . , ^ ^ ^ 
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HORIZONTAL MILLING MACHINE PROJECT JOB NO. 11 

' ■ ■ PLAIN INDEXiNC , . . 

OBJECTIVE^ Ba able to cut a spur gear (6 pitch gear). 
.STOCK: Cast Iron (CI,) 

TOOLS- Casting as per drawings drill, reamer^ mandr^lj No. gear 
cutter, and Indfx head. = ■ ^ 



1. Press gear blank on mandrel using an arbor press* 

2. Mount index centars on milling machine table. ■ 
,.3. Mount milling cutter^ 6 jitch No, 4, on machine arbor, 

4. Sat index head for correct indexing, 

M * 1^1/3 turns ^ • ' - ^ 

30 ^ ^ ' ' 

1/3 X ifl ^ iS. .-- '^^^ ' ^ . ' V '-■ 

. - ^ ' v;10 30' ' . ' \ \ ' , ^ 

Index 1 turn and 10 holes on a 30-hole circle. j- 

5. Place dog ^on large end of mandrels .and.-mount mandrel and job. 
between centers with dog toward the head stock, * 

6. Clamp tail of dog in- slot so dog will not force out^of position 

7. Centralise the cutter with the gear blank, 

8. Run the work under the. cutter , and raise the table slightly, 

9. Move job clear of cutter. : ^ ^ 

10, Rc/ugh out the- first toothy '^and continue to cut other teeth, 

lip .The following information, relates to -the\ gear that ^ you are 
about to /tut I ... " 

- ' Pitch - 6''- 

Outside Dia? - 5,3335". 
, Pitch bia. - 5,000" 

\ . ' N^imher of TeetK - W 
whole Depth - ,3595'- 
• Circular Pitch ^' ,5236" 

' ' ■ Addendum - ,166" 



Dedandum - .1928" 
Clearance - ,0261-- 
Working Depth^ - .3334'- 
Tooth Form 14%° ■ 



# PROGRESS QUIZl 



1, Why must the index centers be in 'line? . 

2. How' will you arrange the sector? 

- 3. How much stock do you leave for k finish cut? 

4. Nwhy.was a No. 4 gear cutter used? , , 

5. Why are screws provided to clamp the tail of the dog? 

■ ■■■ " ^ - ■ ^ 

Write an Operation Sheet for an 8-pltcK^ 24-tooth gear (^pur) 

REFERENCES' ' ' : . , ^ - ^ 
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HORIZONTAL MILLING MACHINE PROJECT JOB NO. 12 

RACK GEAR , ' ' 

OBJECTIVE^ Be able to cut a rack gear. 

i 

STpCKr Cast Iron (C.I.) 

TOOLS: No. 4 gear cutter^ casting 6" long x 1%" wide, and plain vise. 

STEPS I : ' 

1, Use same cutter as in previous job. 

2, ' Set casting in vise. ' ^ 

3, Rough out first tooth by going in with the table to the required 
measurement. ^ ' 

4, Take four roughing cuts and'l finish cut to the required depth* 
5* Wiieh job is cdmpletes have the Instructor check it. 

PROGRESS QUIZ! \ ^ \ 

1. St^te the difference between a rack gear and a spur gear. 

2. The linear pitch of a rack gear is the same as a • 
pitch of a spur -gear- ; 

3. What is the function of a rack gear? |, 

' 4/ Where is the rack gear located on a South Bend l^the. 

5, Write an Operation Sheet on cutting a rkck gear (8 pitch). 



f' ; ; r , , MACHINE 0 

, ■ ' HORIZONIAL MILLING ' 
" - JOB N0.I2 

. ■. » ■ ■ . ' * 

, , . " RACK GEAR MILLING 




VERTICAL MILLING MACHINE 



INTRODUCTION 



On Vertical machines , the spindle is located vertically, parallel 
to Che column face, and is mounted in a sliding head that can be fed 
up and down by hand or power. Some machines are designed so the 
entire head can also be swiveled to permit .working on angular surfaces 
These machines do not have overarms or braces, but. otherwise are 
similar in operation to horizontal machines. 

Vertical milling attachment which may be .mounted on the facie 
of the column of the overarm enables plain or universal milling 
machine to be used' as a vertical milling machine , 

A vertical attachment enables the horizontal milling machine , to 
be used for such operations as face millings end miliingj drilling; 
boring J and T--slot milling* - 



CUTTERS 





1» End Milling Cutter Have straight or helical teeth on the 

circumference^ and fStraight teeth on one end. Serve for milling 
slots and facing or profiling narrqw surfaces, , * 

2, Two-Lipped End Mill ~ Also known as slotting mills. Have only 

two tec^h on the circumference,' and the end teeth are cut to center. 



'3. Shall End Mill ~ Made in larger sizes than plain and mills. 

Recessed on the face to receive a screw or nut for mounting* ^ 
On a separate shank or stub arbor driven, by keys on the spindle 

nose "■ ^ - .= ^ ■ 

4, ' Inserted Tooth Face Mill — Face milling cutters are larger than 

end mills. Face mills are used for milling" large |^at areas. Face 
• milling cutters are over 6" in "diameter and have itisWrted teeth 
held in place by a wedging device*. \ ^ 

5, T-Slot Cutter — Similar to keyway cutter s^ but made witK staggered 
teeth and side cutting, faces. Specifically for forming ^T-slots . 
After a straight slot has been "cut in the work with a side mills 
the cutter shank enters to mill that part of a standard T-slot that 
receives the head of a T^bolt, _ ^ ' ^ , 

6, Woodruff Keyway Cutter Have profile- tMth, and made in both 
shank and arbor types. Used for cutting serai-circular keyways 
in shaft, / . • . " - , 

^7. Dovetail Cutter ~ Similar to a sitigleT angle milling cuttec. with an 
integral shanfc* Used to' form the sides of a dovetail after ,the ^' 
tongue or -the groove has *been machined with' another suitable^ ; 
, cutter. Dovetail cutters may be obtained^jWitK 45^ ^ 50 , 55 , or ; 
60 angles. - ^ ; ; . ^ . 

8/ Flycutter ~ Single pointed cutting tool with t^e cutting" ehd 
ground .to a deaired shape* Since all the. cutting is done with 
one tool, a five feed must bemused. . . 



VERTICAL MILLING MACHINE 



PRINCIPAL' PARTS 
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VERTICAL MILLING MACHINE PROJECT , .JOB NO. 1. 

KEyWAY MILLINd . ' ' ^ = 

OBJECTIVEi Ba able to use an end mill^ 

STOCKr a;R,S. (Cold Roll Steel) / ; . ............. ^ 

TOOLSi Vise, 3/16" end , mill cutter ,^ scales\ depth gagei and file. 

STEPS I * ' ^ / , ' \ ^ 
U Set 3/16" cutter ({end mill) in machina. 

2, Lay out front with steal ink and lay out vertical and horizonta 

line* . " ' ^ 

3* Place object in vise and extend oveV vise so square can be 
planed * % - 

4* ^ Find center of shaft, * 

5*. Follow instruction of blueprint ^ and start to mill," ' . ' 

6* Do not remove too much stock at one time, because of thin end 
mill • ' , . ' " '\ ' ^ 

7* ^ Remove project, and have Instructor check for size, . ^ 

\. : " ' 7 ■ . ■ ^ 

PROGRESS, QUIZ I / 
1* What is the difference between a 2-lip and a 4--lip end mill? 
2. How was the center of the shaft located? v 
3* Name two, ways used to square a viset 

4, Explain the difference between a straight and a taper shank end 
raili, : ' . 

5* Name four different kinds of steel. froift which an end mill is 
made, 

REFERENCES i 
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VERTICAL MILLING PROJECT 




JOB NO.. 2 



, T-SLOT .MILLING' . 

pBJ&CTIVffl^ Be able to use a t^srot dutter* _ 
StOCKi-C,D.S* (Cold Drawn Steel). 

. ' . . -■ ^ ' . ■ . ' - . ^ ■ . 

TOOLS! Vise, T-slot 'cutter^ 3/4" ■ end millV scale, .and file. 

STEPSi' ' ^ ^ ' - V ■-■-■•■■8 - • .^ ^- '-y -, V---,^;-- V ■ ■ -V ■ 

^ Ip Set piace\ln vise. ; ^ ^ ^ , 

2, Use 3/4" end mill to mill opening. ; ^ 
.3.- Remove 3/4" end millj and attach.Trs \ 

4. = Remove stock with T-slot cutter as. In drawing* . 
^,5/ Remove small amount of metal because of cutter*. , ^ 
'6. File burrs. . ' 

7*. Remove project, and check with Instructor.- ^ . 



PROGRESS QUIZ;; 



1. Why was Hthe 374" end mill used f l^st? ^ /' ^ : : \ 
2;. On^'what type of machines kre. T^slots found in,, the shop? 
3, ^= What ^ is. the. purpose of a T-slot? ' ^ _ " 

*4. D*oes e- T-slot vcutter Have side milling teeth? - - 
MIFERENCES^ • , , . . ! ■ ; 
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. VERTICAL MILLING- PROJECT JOB NO.. 3 

. ■ - .. . ' . ... " - ■ ■ ( •. 

' [ ^ ^ ^ ^ '■ . ' ." " ■ . • ' , 

' ^ - ■ . ; V • SHELL END ^MtlilNG H : . /' ^ 

, OBJECTIV&r Be abl'e to uie a shell and' mill cutter* ' 
STOCK, Cast Iron (CIOV ' ^ ■ 

' * 5 . * - . . ■ ■ 

^ TOOLSf yisSs micromater J* steel^inK, square ^ scales and file.' 
STEPS: • \ - . ^ ^ . 

. 1. Blue ink front of barj and 4ay out horlztontal and yertical 
■ / lines. ■ ' . ' » \ ' * ' ^ ' A 

■ -5 * ^ ' ^ -- ■ ^ "' . " ^ , 

3. Place stock in vise, and check for squareness. 

4. Line horizantal line parallel with square head, 

■ - / ' f ' : ■ . \ ' ' , 

5. Remova metal on one^^side of .squar%. / ^ - 

6* Continue operation until square ia^illed. 
" ^ r7T~'Rerao va"^p±a c a°"fr^om^ vl s ©7 "^an d^'fl 1 e 
S.' HaCve Instructor check project, - 



PROGRESS QUIZ I I 



1, J What ■ formula wds used to find tlie square to be. milled 



? 



2 , State t h a d i f f ir enc b e t ween a twq=^ 1 ip a n d - mil-l- and.=,a ; _ah ell 

end mill, ■ ' ^ ^ . ' ^ . ~ 

3, - What Is' the lajrgest squara to.be milled from 2" diameter^ stojck? 

,V ' \ ' - ^ ^ ^ ^ ' " ■■■ ^ 

4, wrfat way is more accurate to do this .Job " in a visa or index 

■ ' head? ' \ _ " ' \ . - • . -, 

^5," liJhat was the, purpose of putting blue ink in front of thetstock? 
^REFERENCES- I ' ' ■ ^> . 
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VERTICAL MILLING MAGHINE PROJECT ■ " JOB NO.' 4 ' 

■ " • ' / . ■ : DOVETAIL MILLING-'' • ' • ^ * ? , „ '" 

' . ' • ' ' • ■ < ' * , • ' ' 

OBJECTIVEr^ Be able to use a 60^ dovetail Gutter, ^ . ■ 

STOCK:. C.I. (Cast Iron). ^ _ \ v - •• • -,.v-' • ■: ' 

TOOLS! yisej protraator, scalei 60° dovetail cutter^ files mlcrorteter 
' depth mlcronieter , end mill cutter arid layout ink* ^ 

STEPS: ; ^ ' ^ ^ , / ^ \ . i * ^ 

^ - i ■ J ? 

' . - ■ . " ■ ' ' . ' ' ' 3 ' 

1. Indicate vise^fo^squaraneas.. — _^_™=^J^_ — ^ _ 

^ 2. Set work in vise, 

3* Use end mill cutter to make 1%" op eiaings and mill to \540* / 

4, Remove cutt'er, and place 60^ dovetail cutter in spindle* 

5* Mill angle to required^ depth* ^ • 

6. File all sharp edges* , 



7* Remove stockj and have Instructor check as per blueprint* 

I ■ ^ y ■ ' -''-^-^ 

PROGMISS QUIZi r r : ■ 

1* Name t^g four.^ angles that may be obtained with a dovetail cut'tejr 

2.' Does a dovetail cutter have any side teeth? v 

p 3* Are this T^-sJ.ot cutter and the' dovetail cutter the, same? Explain 
^ your .answer:, h ' ^ \ ' . : ; ' 

4. .Why is it Important for 'your vise to square when cutting a 
dovetail? ' * 

5* Name one part of a lathe where a dovetail is used, ' 

taFERENCESi . ' ' ■ . ' , ' 
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VERTICAL MILLING MACHINE PROJECT , JQB NO. 5 



■ . - DRILLING. ■ ' V ■ '' a ' 

OBJECTIVE I To^ drill with the stock being ^In; a viae instead of., in an^ 
. indeK.head. y ^ ' . \ ■ 

^TOCKi Altimipum ' . ' • ; ■ — . . ' ' ' I 

TOOLS: Vise, 1/2"' drlll% dividers p steel Ink, canterpunch, ^ ^ \ 
hapnerj^ and drill chuck, , " ^ , 

SJEPS: ^ V - " ■ ' / . ^ ' - ? / ; ' : . 

' 1. \Lay out project slb in drawing* , , ^ : 

^ 2* Center ppnch where holes are to be drilled, ^ ■ ^ \ , : 

Zl > Set^ .drill in drill chuck. / , , ' 

4, Cent&r drill hole. \' . 

5, Remove cemter drill,_and 'place 1/2" drill in drill, . 

6, Drill . hoieVCcr'reqiiire^ de^th, ^ ^ ' ' " 

= 7, Remove project from vi^e, .^^ / - ^ 

. 8, Have Instructor check project, ^ . >*. 



PROGRESS QUIZj ' r : \ ; - ^ \ - \ ' . . ' 

1, Why is a universal vise used /instead of a plain vise?. 

2, -State the formula for finding, the circun^erence of a circle', 

3, What is- the "advantage of using a drill- chuck instead of ' a collet 
for mouhting *a drill in the vertical milling machine, * 

4, Is. a straight shank or a taper shank drill held ±n a drill 
chuck? ; { ^. ' 

^ ' ' ""^ r- / ^' / . ^ ' ' , ■ 

5, -Is it more practical tp do this job with an index headi.or a/visi 
EKplain your answer, . . . 

iEFERENCESi ^ / : ' 
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VERTICAL MltLINS ^MACHINE' PROJECT 



MOB NO. 6 .. ' 



1 ^ ' • ^ BORING ^ ^ r * • : 

OijiECTIVE.s Be able to bore on the vertical milling machine. 

STOCKi C^I, (Cast iron) 2'^ I*D. ^ . ^ ' a ^ 

TOOLSi Vise, fcoring tppl (adjustable) tool bit,, inside micrometer, 
, .scale, and file/ ' ^ 



STEPS 










i. 


Plac'e 


object lyi vise, 


and cetiter object,* 


2, 


Place 


boring tool^in s 


pindle, , ; ' 


3. 


Bore 


to 


2*125 ^ J- 




4. 


Bora 


to 


2,250^ \ 


f 


5. 


Bora 


to 


2'.375 " ■ 




6. 


Bore 


to 


2.500 


- 1 


7. 


Bora 


to 


2.625 














8 . 


Bore 


to/ 


2.750{s^ 




9. 


Instructfor ,is to chadc 


each opera t ion , 



PROGRESS QUIZ: ' ' '^V; 

"1, Should .the roughing ''tpol bit bemused 'for the finishing cut? 
. 2*.> EKplain the operation of boring, 

" .3, How many thoUsands of an inch- is the adjusting dial graduated? 
4. ■ state the difference betwean reaming and boring, 



REVIEW OF MILLING MACHINES ^ CARE OF MILLING MACHINE : 

The following steps must be taken in order for the machines to 
last -a long time. 

1, Machines must be kept clean at all times. 

2, Machines need proper oiling* 

3, Care must be taken of tools* 

4 . Always use a-nmllet instead of. -a. hammet'^^^w^ 

5/ Always place a wooden board on table so that tools can be 
k<^pt sharp. ^ . 

6. When starting the machine, make sure you don't hear unusual 
noises i . 

7. Use proper guards when operating the machine. 

a. Remove all burrs , chips ,> and dirt from the surface of the 
table. . ' ^ 

9. Insert the key to priBvent cutter slippage. 



\ 



< 



The following illustrations show three ways of aligning the 
vise with the tiilling machirte. 




COLUMN or MACHINE ' \ 



VISE 



ALIGNING VISE WITH INDICATOR 



ALIGNING VISE WITH SQUARE 



COLUMN OF 



CHINE \ 



s 



ANGLE ^ 



ALIGNING VISE WITH PARALLELS 
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PRINeiPAL PAR^ TEST 



Instructions* The vadous parts of the Brown & Sharpe universal milling machine are numbered in the 
illustration shown. You are to write the number of ^ch part listed in the space allowed. No! all numbers 
shown are tmd in the test. 




( / ) Machine start and stop lever 
Ygrtjfflj'jdjustment handwheel 

^ ( ) Table-olamp lever 

, ( ) Overarms 

( ) Longitudinal-adjustment handwheel 

( ) Overarm-Qlamp lev^r 

( ) Saddle-clamp lever ^ 

( ) Transverse-adjustment handwheel 

( ) Longitudinal-feed controt levgr 

{ ) Table=swivel clamp screw 

( ) Vertical-feed control lever 

( ) Feed-selector lever and dial 

( ) Knee=clamp lever 

( ) Coolant-reservoir cover plates 

( ) .Speed-selector lever and dial 

( ) Spindle-motor reversing switch 

( ) Outer-arbor yoke ' 

( ) Coolant distributor 

( ) Spindle . - ; ^ 

( ) inde^ head. ' ^ - , 
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REVIEW OF ^aLLING MACHINES 



ATTACH^NTS TEST 



Shown balow are nine milling-rnachme attach- 
ments. ^Each is numbered. You are to write the 
number of each attachment in the space 

. allowed next to its name. 

' ( ) Circular-milling attachmant 
( ) UniversaUmilling attachment 
( ) Rack-milling attachment 
( ) Index head and'footstock ' ^ 
-°t™)^RaTBliTg:bl0cir~'~ 
( ) Tilting table 
( ) Vertical-milling attachment 
( ) Slotting attachment 
( ) High-speed milling attachment 




> _ REVIEW OF MlLLMG-mCHINES 



^IHTICAL , MIIAING .mCHINE . 
PARTS tEST 



V- 



Using the illustralion match the numbers 
on the pictare with their names. Write the 
number of mch part in the space allowed 
next to its name, 

( ) Spindle-feed handwheel 

( ) Spindle-^lewe clamp lever " 

( ) Adjustable dial 

Y'^^^WrficaKalignmehTr^^ 

( ) Clamp bolts 

( ) Spindle stops 

( ) Scale 
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REVIEW OF HILLING MACHINES 

3 





Match the names of the, cutters ihown by 
writing the number bf each cutter in the space 
allowed before its name. 
( ) Face mill 

( ) Helieal-arbor mill ^ . 
( ) Inserted-todth mill ^ . 

_(_^..HelicaUmilUng 0uttei%^^^^^^^^ ™ — r = — - 
( ) Carbide tipped, shell end miir 
( ) Woodruff 
( ) End mill 

( ) Corncr-rounding right hand 
( ) Convex 
( ) T-sIot 
( ) Doubk-end mill 
( ) Metal slitting cutter 
( ) Concave 



